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The effect of ISO 834 ﬁre on the mechanical properties of granite rock specimen submitted to uniaxial
loading is numerically investigated. Based on Newton’s second law, the rate-equation model of granite
rock specimen under mechanical load and ﬁre is established. The effect of heat treatment on the me-
chanical performance of granite is analyzed at the center and the ends of specimen. At the free end of
granite rock specimen, it is shown that from 20 C to 500 C, the internal stress and internal strain are
weak; whereas above 500 C, they start to increase rapidly, announcing the imminent collapse. At the
center of specimen, the analysis of the internal stress and internal strain reveals that the ﬁre reduces the
mechanical performance of granite signiﬁcantly. Moreover, it is found that after 3 min of exposure to ﬁre,
the mechanical energy necessary to fragment the granite can be reduced up to 80%.
 2015 Institute of Rock and Soil Mechanics, Chinese Academy of Sciences. Production and hosting by
Elsevier B.V. All rights reserved.1. Introduction
Rocks under high temperature can be found in many different
applications such as exploitation of geothermal resources, under-
ground gasiﬁcation of coal, protection of buildings against ﬁre,
building restoration after exposed to ﬁre, stability analysis of con-
structions in rock after exposure to ﬁre, oil industry, storage of
radioactive waste, underground storage of heat, and fragmentation
of rock in mine and quarry. Thermal variations induced by the ﬁre,
sun, or cold may cause changes in the microstructure of materials,
the creation of microcracks, and the transformation of their mineral
constituents, decreasing the mechanical performances of materials
(Takarli et al., 2008). This phenomenon has a signiﬁcant inﬂuence
on the deformation and stability of rock structures (Rao et al.,
2007). It cannot only reduce their life service and decrease their
strength (Chaki et al., 2008), but also be useful for fragmentation of
hard rocks such as granite, quartz, basalt, diamond, etc.
Therefore, there is an imperative need to study the mechanical
properties of rocks at high temperature not only for structure
design and safety assessment in underground rock engineering but
also for improving the conditions of fragmentation of hard rocks orock and Soil Mechanics, Chi-
ics, Chinese Academy of Sci-
hts reserved.optimizing their exploitation. Several experimental studies have
been conducted on different rocks (Rao et al., 2007; Takarli et al.,
2008; Inserra et al., 2009; Zhang et al., 2009; Saiang and
Miskovsky, 2012; Xu and Gao, 2012) to observe and explain the
physical and mechanical properties of these rocks under high
temperature or after thermal treatment. In general, for hard rocks,
the conclusion is the same: the increase in temperature induces a
decrease in the ultimate strength and Young’s modulus.
In fact, under the effect of temperature, the mineralogical
composition of rocks and minerals crystal lattice change, the
structure of rocks also changes with a modiﬁcation of the discon-
tinuities (cracks and pores). An increase of temperature produces a
differential change of grain size of rocks, leading to microcracking
which increases with temperature (Rao et al., 2007; Takarli et al.,
2008). The differential thermal expansion of minerals is the main
cause of thermal damage (Keshavarz et al., 2010). Moreover, the
transition of quartz crystal mineral from phase a to phase b at
573 C is responsible for sharp variations in porosity, permeability
and ultrasonic wave (Keshavarz et al., 2010).
Many theoretical investigations of the effect of high tempera-
ture on the mechanical properties of rock specimen under me-
chanical load through the numerical simulations have been
conducted (Noorishad et al., 1984; Bower and Zyvoloski, 1997; Jing,
2003). These studies presented models which takes into account
the couplings between the processes of heat transfer (T), ﬂuid ﬂow
(H) and stress/deformation (M) in fractured rocks. The THM
coupling models are based on heat and multiphase ﬂuid ﬂow in
deformable and fractured porous media, and have been mainly
developed according to two basic “partial” but well-established
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the poroelasticity theory developed by Biot, based on Hooke’s law
of elasticity, Darcy’s law of ﬂow in porous media, and Fourier’s law
of heat conduction.
Recently, Nubissie et al. (2011) numerically studied the me-
chanical properties of wooden and steel beams under ﬁre and
mechanical loading, respectively. They predicted the collapse time
of wooden and steel structures. It is necessary for safety consider-
ation for wooden and steel structures.
Inspired by the works of Nubissie et al. (2011) and Ndoukouo
et al. (2011), we report numerical investigations of mechanical
properties of granite rock specimen under combined effects of high
temperature and mechanical loading. We choose the granite rock
specimen due to the fact that it is largely used in civil engineering,
for example, building of railway, road and tunnels.
In fact, the granite rock is known as a relatively strong material
and has lowporosity matrix (Takarli et al., 2008). In addition, it is an
aggregate material mostly used in engineering. Across the globe,
granite massifs are considered to represent a suitable geological
reservoir for the strategic storage of gas and liquids, including the
storage of highly toxic substances and wastes such as high-level
radioactive waste and spent fuel (Sosna, 2012).
The paper is organized as follows. The system under study is
presented andmodeled in Section 2 using the Newton’s second law
and the expression of variations of elastic modulus and thermal
expansion versus temperature coming from the experimental work
of Saiang and Miskovsky (2012). Section 3 is devoted to the nu-
merical analysis of the rate-equation model established in the
Section 2. Finally, the conclusions are given in Section 4.
2. Modeling of rock specimen under mechanical loading and
ﬁre
A rock specimen under mechanical loading and ﬁre is consid-
ered and shown in Fig. 1. The rock specimen in Fig. 1 is a cylindrical
sample of granite which respects the standard of the International
Society for Rock Mechanics. We choose a cylindrical rock specimen
(Zhang et al., 2009) which has a length of L¼ 50mm and a diameter
of D ¼ 25 mm. The three-dimensional space occupied by the rock
specimen is set to V and the outer boundary of the rock specimen S.
The total force acting on this specimen in z-direction consists of: (1)
total body forces, including the force of gravity; (2) external exci-
tation which can be the thermal excitation due to ﬁre or the me-
chanical excitation induced by mechanical loading; and (3) total
surface forces due to all the internal stresses that act on the outer
boundary of the specimen.
By applying Newton’s second law in z-direction of the cylin-
drical rock specimen at ambient temperature without externalFig. 1. Schematic diagram of a cylindrical rock specimen exposed to ﬁre under me-
chanical loading.loading, the following equation is veriﬁed at each point of the rock
mass (Jaeger et al., 2007):
r
v2w
vt2


vszx
vx
þ vszy
vy
þ vszz
vz

 rFz ¼ 0 (1)
where x, y, z are the space coordinates of the specimen; szx, szy, szz
are the components of stress tensor in z-direction; rFz is the body
force per unit volume in z-direction; rv2w=vt2 is the inertia
component per unit volume; and w is the displacement of spec-
imen in z-direction.
Concerning the experimental studies of Rao et al. (2007), Takarli
et al. (2008), Zhang et al. (2009), Saiang and Miskovsky (2012), and
Xu and Gao (2012), and Inserra et al. (2009), we consider that the
specimen is submitted to uniaxial compression load in z-direction.
Hence, Eq. (1) becomes
r
v2w
vt2
 vszz
vz
 rFz ¼ 0 (2)
If we assume that the granite submitted to the uniaxial
compression test is a linear elastic material, then the stressestrain
law (Hooke’s law) is given by the following equation:
szz ¼ Eεzz (3)
where E is the elastic modulus of rock specimen, and εzz is the
principal component of strain tensor in z-direction.
The strainedisplacement law is given by the following equation:
εzz ¼ vw
vz
(4)
By combining Eqs. (2)e(4), an equation governing the defor-
mation or displacement of specimen can be obtained, which is
given by
r
v2w
vt2
 E v
2w
vz2
 rFz ¼ 0 (5)
In presence of a uniaxial external compression load in z-direc-
tion, Eq. (5) becomes
r
v2w
vt2
 E v
2w
vz2
 rFz ¼ Fmðz; tÞ (6)
where Fm(z,t) is the external mechanical excitation which can have
various forms such as a constant or a sinusoidal load.
As demonstrated in several experimental studies (Rao et al.,
2007; Takarli et al., 2008; Inserra et al., 2009; Zhang et al., 2009;
Saiang and Miskovsky, 2012; Xu and Gao, 2012), the thermo-
mechanical properties of rock change at high temperature. By
taking into account the presence of ﬁre, Eq. (6) becomes
r
v2wðz; t; TÞ
vt2
 Eðz; TÞ v
2wðz; t; TÞ
vz2
 rFz ¼ Fmðz; tÞ þ Fthðz; TÞ
(7)
where Fth(z,T) is the thermal excitation, and T(x,y,z,t) is the tem-
perature. The sample used by Saiang and Miskovsky (2012) has
small dimensions (L ¼ 0.05 m, D ¼ 0.025 m), and the furnace used
for thermal treatment has a small fan which distributes the heat in
all directions. For simplicity, we suppose that the temperature of
specimen is uniform and depends only on the time of heating, then
it takes T(x, y, z, t) ¼ T(t).
The most common body force is the force of gravity, although
temperature and pore pressure gradients have the same effect as
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per unit volume is equal to rg, where g ¼ 10 m/s2 is the gravity
acceleration. The thermal excitation induced by increasing tem-
perature leads to a thermal strain of the rock specimen, which is
given by
εth ¼ ðT  T0ÞaðT ; zÞ (8)
where a is the thermal expansion coefﬁcient of granite. The
equivalent stress of this thermal strain is given by
sth ¼ EðT; zÞðT  T0ÞaðT ; zÞ (9)
Then, the thermal excitation per unit volume is given by
Fthðz; TÞ ¼ EðT ; zÞðT  T0ÞaðT ; zÞ=L (10)
We assume that the granite specimen is isotropic and homo-
geneous, then Eq. (7) becomes
r
v2wðz; t; TÞ
vt2
 EðTÞ v
2wðz; t; TÞ
vz2
 rg
¼ Fmðz; tÞ þ EðT ; zÞðT  T0ÞaðT ; zÞ=L (11)
The equation which describes the dynamics of the total volume
V of a cylindrical granite specimen under uniaxial compression load
and ﬁre in z-direction is given by
m
v2wðz; t; TÞ
vt2
 VEðTÞ v
2wðz; t; TÞ
vz2
mg
¼ VFmðz; tÞ þ SEðT; zÞðT  T0ÞaðT ; zÞ (12)
where m is the mass of specimen.
The following two subsections present ﬁrstly the mathematical
formula found in the literature used for simulation of test ﬁre and
secondly the expressions of variations of elastic modulus and
thermal expansion versus temperature coming from the experi-
mental work of Saiang and Miskovsky (2012).2.1. Fire models
Several models of timeetemperature relationships are available
for the simulation of ﬁre for design purposes: the Euro code para-
metric ﬁre, T-squared ﬁre, and ISO 834 ﬁre. The description of each
of the ﬁre can be found in Seputro (2001) and Bernhart (2004). In
this paper, we use the ISO 834 ﬁre which is a conventional and the
most used ﬁre for numerical modeling of structures exposed to ﬁre.
The international standard of timeetemperature curve of the ISO
834 ﬁre is deﬁned by (Seputro, 2001; Bernhart, 2004)
TðtÞ ¼ T0 þ 345 log10ð8t þ 1Þ (13)
where T0 is the room temperature during the experiment and is
considered to be 20 C as Rao et al. (2007) and Zhang et al. (2009).Fig. 2. (a) Variation of elastic modulus versus temperature (Saiang and Miskovsky,
2012); (b) Variation of thermal expansion coefﬁcient versus temperature (Gaweska,
2004; Saiang and Miskovsky, 2012).2.2. Thermo-mechanical properties of granite rock specimen
submitted to ﬁre
It is well known in literature that under thermo-mechanical
coupling, the behavior of rocks is very complex. At high tempera-
ture, most parameters such as elastic modulus, tensile strength,
compressive strength, and thermal expansion coefﬁcient show
drastic differences compared with those at room temperature
(Zhang et al., 2009).
The experimental data of granite used in this paper come from
Saiang and Miskovsky (2012). They have conducted a laboratoryinvestigation to study the effect of heat on the mechanical prop-
erties of diabase, granite and quartzitic schist at temperatures of
400 C, 750 C, and 1100 C. Unheated samples were also studied.
The studies aimed at understanding the effect of elevated tem-
peratures on the rock mass, such as in the event of a ﬁre in a rock
tunnel. Samples from the aforementioned rock types were heat-
treated at temperatures shown above, cooled slowly to room
temperature and then subjected to uniaxial compression and Bra-
zilian tests. Thin sections were extracted from the heat-treated
samples for microscopic analyses, which assisted in explaining
the reasons for the mechanical behaviors observed from the me-
chanical tests.
Fig. 2 presents the variations of elastic modulus and thermal
expansion coefﬁcient versus the temperature. Saiang and
Miskovsky (2012) demonstrated experimentally that the elastic
modulus of granite decreases when the temperature increases.
They calculated the elastic modulus by approximating the
straightline section before the peak strength in the complete
stressestrain curve.
By ﬁtting the plotted points given in Fig. 2, it is found that there
exists a linear regression curve (R2 ¼ 0.912), representing the
relationship between E and T (20 Ce1100 C) as shown in Fig. 2a.
Gaweska (2004) showed that the thermal expansion coefﬁcient of
granite increases with temperature. By ﬁtting the plotted points
given in Gaweska (2004), a linear regression curve representing the
relationship between the thermal expansion coefﬁcient and tem-
perature is also given, as illustrated in Fig. 2b.
In this work, we assume as Saiang and Miskovsky (2012) that
the granite specimen is almost healthy, unaltered, non-friable: it is
an igneous rock and a plutonic rock, with very low porosity, strong
compactness, high cohesion, and therefore has a very negligible
amount of microstructure (pores, microcracks, cracks, etc.). Thus,
we consider that the effect of temperature on the mass of granite
can be negligible, then the mass of granite is considered constant:
m(t) ¼ m.
If we assume that the distribution of temperature on the rock
specimen is uniform, and take into account the action of temper-
ature on the granite specimen and the expression of ISO 834 ﬁre,
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following equation:m
v2wðz; t; TÞ
vt2
 109V
n
 6:102½T0 þ 345 log10ð8t þ 1Þ þ 70
o v2wðz; t; TÞ
vz2
mg
¼ VFmðz; tÞ þ S
n
 6:102  109½T0 þ 345 log10ð8t þ 1Þ þ 70
o
$½345 log10ð8t þ 1Þ
n
0:079 103½T0 þ 345 log10ð8t þ 1Þ  2:145
o (14)In the next section, we will investigate the effect of thermal
treatment on the mechanical properties of granite rock specimen
under mechanical loading by numerically integrating Eq. (14), us-
ing spatial and temporal centered difference schemes.
3. Numerical analysis
To solve Eq. (14) numerically, we have to know the initial and
the boundary conditions.
According to the uniaxial compression test, we suppose that one
end is ﬁxed in vertical direction and the stress is applied on the
other end which is free to move. In this case, boundary conditions
are given by
vw
vz
ð0; tÞ ¼ sm
E0
¼ Fm
SE0
ðfree endÞ
wðL; tÞ ¼ 0 ðfixed endÞ
9>=
>; (15)
The initial condition is obtained by solving Eq. (5) in absence of
all of external forces and non-linearity. In this case, Eq. (5) becomes
r
v2w
vt2
 E v
2w
vz2
¼ 0 (16)
The general solution to this equation in the case of free move-
ment of both ends of the specimen is given by
wðz; tÞ ¼
XN
n¼1
½An sinðuntÞ þ Bn cosðuntÞsin½ð2n 1Þp z2l (17)
where
un ¼ ð2n 1Þ p2l
ﬃﬃﬃ
E
r
s
ðn ¼ 1;2;/Þ
Then, we take the initial condition as
wðz;0Þ ¼ 0:012 sinð3pz=LÞ (18)
By using the spatial and temporal centered difference schemes,
the discretization scheme for the spatial and temporal derivatives
of Eq. (16) is obtained:
v2w
vz2
¼ wiþ1;j  2wi;j þwi1;j=2Dz2
v2w
vt2
¼ wi;jþ1  2wi;j þwi;j1=2Dt2
9>>=
>>;
We consider the work of Saiang and Miskovsky (2012) that the
specimen of granite has the following parameters: E0 ¼ 65 GPa,
r ¼ 2650 kg/m3, L ¼ 0.05 m, D ¼ 0.025 m, T0 ¼ 20 C, sc ¼ 231 MPa,
S ¼ 0.04906 m2, V ¼ 0.0245 m3, where sc is the uniaxialcompressive strength. In our analysis, we shall not insist on the
stress rupture because in the previous section, we considered thatthe stressestrain law (Hooke’s law) is linear. Hence no breakage is
observed in the linear part of the curve of hard rock (Takarli and
Prince, 2008).
In the following two subsections, we submit the specimen to the
stress rather than the uniaxial compressive strength. We ﬁrst
consider the casewhere the granite specimen is submitted to a static
mechanical load (Fm(t) ¼ 2  107 N). Then we use a sinusoidal me-
chanical load (Fm(t) ¼ 2  107sin(20t) N). We choose this cyclic load
because it can be observed in mining industries, rocks engineering,
artisanal quarries, and drilling,where themechanical tools ormining
machines (jackhammer, breakers) are used to fragment hard rocks.
Many times, we need to apply stress more than one time to
break or fragment hard rocks. For simplicity in our model, we
consider a sinusoidal mechanical load to study the effects of
repeated shocks on the hard rock.
Finally we plan to analyze the effect of thermal treatment on
internal stress and internal strain of specimen by plotting vertical
stress (szz) versus temperature or time and vertical strain (εzz) as a
function of temperature and time. We choose two points of the
granite specimen (at the free end and the center of specimen) for
the analysis.
3.1. Numerical analysis at the center of the specimen
3.1.1. Case of specimen submitted to static mechanical load and ﬁre
The variations of vertical stress and strain as a function of
temperature or time are shown in Fig. 3. In Fig. 3a and c, at the
temperature of 20 Ce400 C (0e2 min), the vertical stress state of
the points located at the center is very weak, as if no load was
applied to the specimen. Beyond 400 C, the stress at the center of
the specimen increases as the temperature increases and reaches a
maximum value of 600 MPa.
In Fig. 3b and d, the vertical strain εzz is very small in the ﬁrst
2 min (from 20 C to 450 C). The center point of the specimen
seems not to be deformed. After 450 C, the internal vertical strain
increases slowly ﬁrst and then rapidly. The center point starts to be
deformed substantially until the strain reaches amaximumvalue of
0.013 m. The more the specimen is heated, the more the stress is
transmitted irreversibly from the end towards the center. The rapid
increase of the vertical strain can then indicate imminent collapse
(Ndoukouo et al., 2011; Nubissie et al., 2011).
3.1.2. Case of specimen submitted to sinusoidal mechanical load
and ﬁre
By using the above-mentioned sinusoidal mechanical load, we
depict the variations of vertical stress (szz) and vertical strain (εzz)
versus temperature or time in Fig. 4.
Globally, from Fig. 4 the same observations and results can be
achieved as those obtained from Fig. 3. The internal vertical stress
and strain have lower values for the temperatures less than 400 C.
Above 400 C, the internal stress and internal strain begin to
Fig. 3. Analyses of internal stress and strain at the center of specimen submitted to static mechanical loading and ﬁre. (a) Vertical stress (szz) versus temperature; (b) Vertical strain
(εzz) versus tempertaure; (c) Vertical stress (szz) versus time; and (d) Vertical strain (εzz) versus time.
Fig. 4. Analyses of internal stress and strain at the center of specimen submitted to sinusoidal mechanical loading and ﬁre. (a) Vertical stress (szz) versus temperature; (b) Vertical
strain (εzz) versus tempertaure; (c) Vertical stress (szz) versus time; and (d) Vertical strain (εzz) versus time.
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shape of the curves is strongly inﬂuenced by the sinusoidal me-
chanical load.
In order to verify if this phenomenon is the same at all parts of
the specimen, we analyze the internal stress and strain at the free
end of the specimen.
3.2. Numerical analysis at the free end of specimen
3.2.1. Case of specimen submitted to constant mechanical loading
and ﬁre
Fig. 5 shows the vertical stress (szz) versus the temperature
(Fig. 5a) or the time (Fig. 5c), and the vertical strain (εzz) as a
function of temperature (Fig. 5b) or the time (Fig. 5d).
In Fig. 5a and c, it can be seen that globally the internal stress at
the selected point decreases when the heating time or the ﬁre
exposure time increases. This decrease in the amplitude of internal
stress is composed of two speeds: from 0 min to 1.2 min (100 Ce
400 C), the decrease is less rapid; beyond 1.2 min (400 C), the
decrease is very rapid. The shape of stress versus time or temper-
ature curves is strongly inﬂuenced by the elastic modulus. After
6 min of heating till 600 C, the internal stress tends to be zero.
These curves show that the thermal effect induces the loss of ri-
gidity of granite at high temperature. We can observe a signiﬁcant
loss of mechanical performance of the rock and therefore a
considerable gain in mechanical energy to be spent for the frag-
mentation of the specimen. This result explains why artisan miners
or some engineers use ﬁre to heat rocks ﬁrst before using me-
chanical tools to fragment hard rocks in artisanal quarry or some
other rock engineering applications.
As shown in Fig. 5b and d, a decrease of strain can be observed
when the temperature increases. This decrease becomes also more
pronounced at 400 C. The maximum deformation is about
3.1  104 m.Fig. 5. Analyses of the internal stress and strain at the free end of specimen submitted to sta
strain (εzz) versus tempertaure; (c) Vertical stress (szz) versus time; and (d) Vertical strain3.2.2. Case of specimen submitted to sinusoidal mechanical loading
and ﬁre
Fig. 6 presents the vertical stress (szz) as a function of temper-
ature or time of heating and the variation of vertical strain (εzz) as a
function of temperature or time of heating. The shape of stress
versus time or temperature curve is strongly inﬂuenced by the
elastic modulus and the sinusoidal mechanical load.
In Fig. 6a, when the temperature increases from 20 C to 50 C,
an increase in the amplitude of internal vertical stress is remarked
at the end of the specimen. In Fig. 6b and d, when the temperature
increases from 50 C to 400 C (2 min duration), the amplitude of
internal strain begins to decrease slowly. Contrary to the center
point, the end point is deformed and any effort made to the end is
almost entirely received by the free end of the specimen and not
transmitted to the center of specimen. Opposite to the results ob-
tained at the center point, when the temperature is beyond 400 C,
the amplitude of deformation of the end point of the specimen
decreases rapidly as the temperature increases.
We observe that for the sinusoidal mechanical loading, the
maximum internal stress is 15 MPa. This value is less than that
obtained under constant loading (21 MPa). For the end point of
specimen, the maximum value of internal strain is 0.00022. This
value is less than that obtained under constant loading (0.00032).
In addition, we notice a decrease of about 80% of the internal
stress after 2 min at 450 C.
3.3. Distribution of vertical stress and vertical strain
In Fig. 7, it can be observed that the vertical stress and vertical
strain decrease ﬁrst and then increase slowly beyond 0.35 m. The
end of specimen where the stress is applied is more affected than
the other points. The point situated at 0.35 m seems to be not
solicited and not deformed. Beyond this point, the vertical stress
and strain begin to increase and tend to be zero at the ﬁxed end.tic mechanical loading and ﬁre. (a) Vertical stress (szz) versus temperature; (b) Vertical
(εzz) versus time.
Fig. 6. Analyses of the internal stress and strain at the free end of specimen submitted to sinusoidal mechanical loading and ﬁre. (a) Vertical stress (szz) versus temperature; (b)
Vertical strain (εzz) versus tempertaure; (c) Vertical stress (szz) versus time; and (d) Vertical strain (εzz) versus time.
Fig. 7. The vertical stress (szz) as a function of the length of specimen for (a) T ¼ 240 C and (b) T ¼ 450 C and the vertical strain (εzz) as a function of the length of specimen for (c)
T ¼ 240 C and (d) T ¼ 450 C.
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This work dealt with the modeling of granite rock specimen
under ISO 834 ﬁre and uniaxial mechanical loading. Two cases of
loading were considered: static and sinusoidal mechanical loading.
The effect of heat treatment on the mechanical performance of
granitewas analyzed at the center and the free end of specimen. For
a constant mechanical loading, the internal stress and internal
strain are larger than those induced by the sinusoidal loading at the
end and the center of granite specimen.
At the free end of granite rock specimen, it is found that globally
the internal stress and strain are weak when the temperature in-
creases from20 C to 500 C, and they start to increase rapidly at the
temperature beyond 500 C, announcing the imminent collapse.
Themore the specimen is heated, themore the stress is transmitted
irreversibly from the center towards the end. Oppositely, at the
center of specimen at the temperatures of 20 Ce550 C, it was
observed that the internal stress or internal strain decreases when
the heating time or the time of ﬁre exposure increases. Above
600 C, the internal stress and strain tend to be zero. The result
shows the loss of the rigidity of granite when the temperature in-
creases and reveals that the ﬁre reducesmechanical performance of
granite signiﬁcantly. Therefore, the granite specimen becomes very
vulnerable and the mechanical loading, 5 times lower than the one
applied at t¼ 0min (Fm(t)¼ 20 107 N), could break the specimen.
Moreover, after 3 min of exposure to ﬁre, the internal stress of
granite rock specimen have shown that the mechanical energy
necessary to fragment the granite decreases and can be reduced by
80%. This work clearly explains why the artisan miners or some
mining engineers use ﬁre to heat hard rocks ﬁrst before using the
mechanical tools to fragment rocks in artisanal quarries or some
other rocks engineering applications.
An interesting work under investigation is the study of mechan-
ical properties of granite rock specimen under uniaxial mechanical
load and ﬁre where granite is considered to be a non-linear elastic
material and therefore it is described by the non-linear stress law.
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